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Abstract 
This paper evaluates one indirect impact of fertilizer policy, the nutritional gains due to 
increased food production. We look specifically at the case of Malawi’s Targeted Input 
Program and show that benefitting from the program during its entire duration could have 




Following on the World Development Report 2008, there is considerable interest in how 
to increase agricultural productivity in Sub-Saharan Africa, seen as engine of growth for 
the region. How to promote fertilizer use has received a lot of attention, given its very 
low levels registered across the subcontinent, both at the level of policy experimentation 
and accompanying academic discussion regarding the impact of such interventions. 
Evaluations of fertiliser policies have tended to focus on the direct impacts that inputs 
have on production volumes and often neglect to consider any side benefits. However   3 
side benefits are relevant and should be taken into account when looking at the effects of 
these policies.  
In this paper, we attempt to look ‘beyond the plot’, and focus on measuring the welfare 
change that derives from the improved household food production/security. We do this in 
the context of the Targeted Input Program (TIP) implemented in Malawi, motivated by 
the fact that the ultimate goal of this program was not to boost production per se but to 
improve the welfare of Malawian smallholder farmers. Production gains are only a means 
to an end, not an end in itself.  
 
Food security at the household level is a multi-faceted concept and is thus not directly 
measurable. It encompasses an array of welfare aspects and the chosen welfare aspect to 
be considered in this paper is that of child nutritional outcomes.  The relationship 
between nutritional status and food security has been widely documented and the 
measure of chronic nutrition, a child’s height-for-age, is used to capture and measure the 
cumulative effect of exposure to the TIP. The outcomes of the programme are also 
considered in the context of expected future gains for the beneficiaries. Notably, the 
positive relationship between height, wages and educational outcomes has been 
confirmed in a range of developing countries. It is important to bear in mind that this 
report is not an evaluation of the TIP as a nutrition programme; instead the focus is on the 
TIP as a targeted free input and technology transfer programme whose effect on 
household food security and welfare can be measured by nutritional indicators.  
The paper proceeds as follows. Section 2 describes the Targeted Input Program. Section 3 
reviews the literature on the measurement and determinants of nutrition, while Section 4 
presents the data that is used and section 5 presents the econometric methods and results. 
Section 6 concludes the paper.  
2. Malawi’s Targeted Input Program (TIP)  
Malawi is one of the poorest countries in Sub-Saharan Africa, heavily dependent on the 
performance of the agricultural sector, which contributes around 38 per cent of GDP, 80 
per cent of export earnings and employs close to 80 per cent of the nation’s workforce 
(World Bank 2009b). The agricultural economy consists of two main subsectors: a small 
estate sector and a majority smallholder sector. Estates are primarily engaged in the 
production of cash crops destined for export while smallholder farms are responsible for   4 
producing the majority of the food for domestic consumption. Maize is the dominant food 
staple and smallholder farmers dedicate up to 85 per cent of their land to the production 
of maize. These smallholder farmers are mainly engaged in subsistence farming which is 
characterised by a chronic lack of access to seed and fertiliser inputs, and low 
productivity exacerbated by extensive soil degradation that has taken place in the past 
two decades.  The sector also suffers from severe land pressures that have resulted in 
approximately 55 per cent cultivating less than 1ha (Mataya 2003).  
The dominance of maize in the food system implies that food security in Malawi is 
defined in relation to maize and nearly 70 per cent of food energy is provided by staples 
(Smith and Subandoro 2007). Most rural households rely on a single harvest of maize each 
year for their consumption needs. However this harvest often does not provide enough 
output to last until the next harvest period and many smallholders suffer from chronic 
food insecurity. The strong seasonal nature of food insecurity is evident in the three to 
four months before the harvest takes place in April-June each year. The majority of 
households (around 75 per cent) are without their own maize supplies and enter into what 
is known as the ‘hungry period’ (Levy 2005). Off-farm sources of food are sought to 
meet the household’s food deficit. Those who have the resources to purchase food are 
usually faced with high prices in local markets and are often forced into selling valuable 
assets. Others exchange their labour for food and some are forced to resort to eating 
maize husks, seeds or foraging for wild roots (Levy 2005). 
The Starter Pack program was a non-price intervention designed with the objective of 
increasing national food production, reducing household food insecurity, improving soil 
fertility and promoting the use of fertilisers and hybrid maize (Levy 2005). Small packs 
containing around 0.1ha worth of fertiliser, maize seed and legume seed were provided 
and it was estimated that the pack would yield 1800kg of maize per ha in comparison to 
the 800kg produced under unfertilised maize. On application to 0.1ha of land, farmers 
were expected to benefit by an average of 100kg per season. This additional maize would 
be enough to provide an extra two to two-and-a-half months of maize cover for a family 
of six. This would go a long way to help reduce the exposure to the ‘hungry period’ that 
took place prior to harvest (Harrigan 2008).  
The program operated in this form in the main agricultural seasons of 1998/99 and 
1999/2000, being distributed to 2.8 million households, before being scaled down to the   5 
Targeted Inputs Programme (TIP) in 2000/01 and 2001/02
1. A compromise among 
donors was reached with emphasis on an agricultural production programme shifting 
towards one as a targeted safety net package and the Starter Pack programme morphed 
into the TIP. Whilst the fundamental concepts and objectives remained aligned with those 
of the Starter Pack there were some key differences. These were the efforts that were 
made to target the poorest smallholders and a change in the pack composition that saw 
the replacement of hybrid maize seed with certified Open Pollinated Variety (OPV) 
maize seed. The legume and fertiliser components were also reduced. Fertiliser reduction 
took place under the belief that such a reduction would not critically affect yield levels in 
addition to deriving significant savings on the programme’s input costs 
The general consensus is that the scaling down of Starter Pack to TIP drastically altered 
the success of the programme. The shift towards OPV maize moved away from the 
recommendations of the ‘Best Bets’ technologies which proposed hybrid maize as the 
way to improve productivity by utilising available nitrogen more efficiently. Moreover, it 
was believed that the scaling down of the programme from universal distribution 
conflicted with the very mechanism by which the programme worked to improve 
household food security as the success of Starter Pack was the result of addressing 
household food security both directly, through the boost to maize output and reduction in 
exposure to the hungry period, as well as indirectly, through demand-side management 
such that those who did suffer from production deficits were able to purchase maize at 
accessible prices in local markets (Harrigan 2008). The operation of this indirect effect 
through markets and prices was critically dependent on scale. While this scale was 
provided with universal distribution, when the programme was scaled down to roughly 
one-half (1.5 million packs) and one-third (1 million packs) of smallholders in 2000/01 
and 2001/02, the beneficial impact was disproportionately reduced and was not enough to 
dampen maize prices in the market (Levy 2005). 
Current evaluations of the TIP have focused on comparing how successful the TIP was in 
relation to the Starter Pack. In particular, the focus has been on comparing the 
contribution to maize output at a national level and the main conclusion drawn has been 
that the operation of the TIP programme essentially ‘failed’ in its objectives when the 
scale was reduced in 2001 and 2002.  
                                                 
1 The notation 2000/2001 indicates that the packs were distributed and to be planted in late 2000 while 
gains were realised following the harvest in April 2001 (notation applicable to all other agricultural years 
mentioned)   6 
This paper seeks to contribute to the evaluation by considering the programme as distinct 
from the original Starter Pack. The objective is to look beyond the direct production 
outcomes and consider the additional benefits that manifest themselves in child 
nutritional outcomes. Accounting for changes in nutritional outcomes is particularly 
relevant in a country like Malawi that suffers from such high levels of malnutrition and 
child mortality. Such side benefits of the TIP should carry significant weight when 
measuring the total benefits to the Malawian society as a result of the programme.  
3. Food Security and Nutritional Status 
While no single measure can capture all dimensions of food security nutrition-based 
indicators, anthropometrics, have proved a popular means to measure human welfare that 
is sensitive to changes in food supply, as well as to other community development 
processes. Indicators that allow for the comparison between the growth status of children 
of different ages and sexes are particularly important, as it has been shown that children 
from diverse ethnic and geographic backgrounds follow similar growth patterns (Habicht 
et al. 1974). It has grown to be an important tool in the assessment of the health and 
nutritional status of individuals, in particular children under the age of five for which the 
World Health Organization (WHO) recognises it is most valid. It is also assumed that, in 
aiming to determine the nutritional well-being of an entire household or community, it is 
unnecessary to assess other age groups since their nutritional status will be reflected in 
that of the under-fives (Kelly 1992)
2.  
 
Anthropometric indicators provide a measure of an individual’s growth status in relation 
to the reference median. They are expressed as the proportion of the standard deviation 
away from the median which is often referred to as a Z-score (Dibley et al. 1987). Values 
that are more than two standard deviations below the mean in the reference population 
are generally taken to indicate a status of moderate malnutrition while values below 
minus three standard deviations are considered to indicate severe malnourishment (Smith 
and Booth 1989; Trapp and Menken 2005; ORC Macro 2006). This report focuses on the 
height-for-age (HAZ) indicator as a large body of literature suggests that child height-for-
                                                 
2 While this may commonly be the case there may be some exceptions where this is an invalid assumption 
particularly if a child’s anthropometric status is ‘protected’ through preferential access to food within a 
household (Kelly 1992).   7 
age is a good long-term indicator of the nutritional status of a population
3. Stunting 
reflects the accumulation of past health outcomes and is not markedly affected by short-
term factors such as the season of data collection, epidemic illnesses, acute food 
shortages, or recent shifts in social or economic policies (Thomas et al. 1996; ORC 
Macro 2006). As such, height-for-age is used as the ex post indicator of nutritional inputs 
to determine the effect of the TIP on improving household food security and access to 
food. The WHO/NCHS international growth reference is used to calculate the 
standardised HAZ indicator.  
3.2 Determinants of Nutrition 
In order to evaluate the effect the extent of exposure to the TIP had on a child’s HAZ it is 
necessary to control for all other variables that influence a child’s nutritional status. Much 
has been written about the determinants of nutrition, particularly in developing countries 
where the focus is often to identify which factors are contributing to high malnutrition 
rates amongst young children in order to direct policy decisions. Like the concept of food 
security, determinants of nutrition are multi-sectoral and interrelated and often operate at 
many levels; from individual child characteristics to household and community variables. 
Social and economic policies, the economic environment and ideological structures at a 
national and global level may also contribute to the nutritional outcomes of various 
populations (Madise et al. 1999). A brief review of the key determinants at various levels 
is provided in order to help inform the choice of control variables that will be used in the 
analysis that follows in Chapter 5.   
 
At the individual level, nutritional status is a reflection of dietary intake, illness, age, 
gender, size of baby at birth and whether the child is breastfed or not (Quinn et al. 1990; 
Sahn and Alderman 1997; Madise et al. 1999; Chirwa and Ngalawa 2008). Children who 
fall sick regularly and are subject to frequent infections and diarrhoea are shown to have 
higher rates of malnutrition. Illness suppresses a child’s appetite and results in nutrient 
loss such that those who tend to be repeatedly ill are more likely to be undernourished 
                                                 






=  where h=height and  h and h s are the mean and 
standard deviation of height given the age of the reference population respectively   8 
(Quinn et al. 1990; Madise et al. 1999; Chirwa and Ngalawa 2008)
4. A child’s age was 
found to be the most important factor associated with nutritional status by Madise et al. 
(1999). Studies have found a common pattern that growth retardation worsens as children 
get older. Several findings confirm a curvilinear relationship between nutritional 
outcomes and age, with nutrition deteriorating sharply soon after birth and stabilising 
after around 24 months (Sommerfelt and Steward 1994; Madise et al. 1999). It is likely 
that this relationship holds in Malawi with findings by ORC Macro (2006) indicating 
that, between birth and 21 months of age, the percentage of Malawian children who are 
classified as moderately to severely malnourished increases dramatically from 12 per cent 
to 66 per cent, before gradually declining to 50 per cent at 59 months. Sahn and 
Alderman (1997) suggest that the inverse relationship between age and nutritional status 
may reflect the accumulation of deprivation that leads to chronic undernutrition
5.  
 
Gender is also an important individual characteristic and the health disadvantage for girls 
has long been documented based on the traditional gender preference for boys and low 
maternal autonomy in the home. While Trapp and Menken (2005) refer to studies that 
present findings suggesting that the gender bias is on the decline, they propose that this 
bias may still be persistent in Africa and Asia. In their study of child malnutrition in 
Malawi, Chirwa and Ngalawa (2008) expect that if male children are favoured it would 
follow that they would be better nourished. Despite expectations, evidence points to 
female children being nutritionally better off than male children, even in Sub-Saharan 
Africa (Horton 1986; Svedberg 1990; Sommerfelt and Steward 1994; Sahn and Alderman 
1997; Tharakan and Suchindran 1999; Chirwa and Ngalawa 2008). A cross-sectional 
study from Ghana, Malawi, Nigeria, Tanzania, Zambia and Zimbabwe by Madise et al. 
(1999) found that female children were better nourished than males in all six countries. In 
fact, they find the gender effect is strongest in Malawi and note that further investigation 
is needed to determine if sex discrimination in favour of female babies in the allocation of 
food is present in some societies.  
 
                                                 
4 Quinn et al. (1990) note that in many developing countries it is not unusual during the first two years of 
life for a child to suffer from diarrhoea as much as 20% of the time. Up to 600 calories can be lost in stools 
per day during severe bouts. 
5 They also make the observation that age may influence the effect of other nutrition inputs, particularly if 
age groups are aggregated. For example, they find that increases in household incomes only affect the 
nutritional status of children that are over two years old.   9 
At the household level characteristics such as the level of consumption and income; the 
gender and age of the household head; the age, educational and nutritional status of the 
mother; land size and the production of own food are all known to influence 
anthropometric outcomes (Quinn et al. 1990; Madise et al. 1999; Tharakan and 
Suchindran 1999; Chirwa and Ngalawa 2008). Income as an explanatory variable has 
motivated many income-related programmes to address malnutrition. However, despite 
this, there seems to be little agreement in the literature about the degree to which income 
influences nutrient intake (Strauss and Thomas 1995). Furthermore many have noted the 
importance of accounting for the endogeneity associated with using income variables to 
account for nutritional status (Anderson et al. 1995; Strauss and Thomas 1995; Thomas et 
al. 1996; Chirwa and Ngalawa 2008)
6. 
 
Several studies  have also investigated the role that maternal education levels play in the 
nutritional status and rate of survival of their children, beginning with Caldwell’s (1979) 
paper on maternal education on child mortality. The pathway from education to improved 
health may work directly through mothers being less fatalistic about illness and the 
improved allocation of resources to health through care giving, as well as indirectly 
through any changes to income levels (Caldwell 1979; Sahn and Alderman 1997; Madise 
et al. 1999). A proximate determinants framework on maternal education is also 
considered by Muhuri (1995)
7. While many studies have found that the education of a 
child’s mother is positively related to anthropometric indicators (Sommerfelt and Steward 
1994), there are also a number of studies where, particularly in an African context, this 
pattern is shown to be weak (Thomas et al. 1996; Sahn and Alderman 1997). The 
influence of a mother’s age on their child’s nutrition also has mixed findings. Results 
from sub-Saharan Africa suggest higher rates of stunting among younger mothers (less 
than 20 years old); this contrasts against results from Asia and Latin America that find 
                                                 
6 They argue that poor nutritional status of children may reflect the poor nutritional status of adults which 
many negatively affect their earning potential and consequently affect the nutritional status of the children. 
Another hypothesis is that when a child is poorly, adult members must stop their income-earning activities 
in order to care for the sick child. A suggested solution to this problem has been the use of instrumental 
variables. Instruments used for per capita expenditure have included the value of land owned, livestock and 
other durable assets. 
7 The proximate determinants framework  suggests that all social and economic determinants of child 
malnutrition and mortality operate through a set of intermediate variables. The choices and skills of the 
mother in healthcare practices that relate to contraception, nutrition, hygiene and treatment of diseases are 
suggested as the intermediate variables through which maternal education influences child survival 
outcomes.   10 
that children of older women (greater than 35 years old) are more likely to be stunted 
(Sommerfelt and Steward 1994). Aspects of seasonality may also influence nutritional 
outcomes and are considered in the context of Malawi by Quinn et al. (1990). The pre-
harvest period is characterised by shortages of food and high food prices and household 
members, including expectant mothers, undertake heavy agricultural labour during this 
time. The result is that low birth weight infants are most common during the pre-harvest 
period, the likely consequence of reduced maternal dietary intake and increased energy 
expenditure.  
 
Finally, at a community level the presence and quality of infrastructure such as health 
services, water sources and sanitation, the price of food as well as whether the 
community is urban or rural and its geographical location, are considered to be important 
determinants of anthropometric outcomes. Attention has been drawn to the importance of 
community data in explaining nutritional outcomes and many have identified it as a part 
of data collection that needs to be strengthened (Thomas et al. 1996; Alderman 2000)
8. 
Alderman (2000) notes that inclusion of community data changes the estimated impact of 
other factors such as income and education. In a comparison of two models regressing 
standardised height-for-age on several regressors, one model including community 




Sources of water have been found to significantly contribute to nutritional outcomes. 
Children from households that draw water from improved water sources are less likely to 
suffer from wasting and stunting compared to other children (Esry et al. 1988; 
Sommerfelt and Steward 1994; Chirwa and Ngalawa 2008).  In addition, a study on the 
Côte d’Ivoire by Thomas et al. (1996) found that the availability and quality of health 
services infrastructure had a significant effect on child health, in particular height-for-age. 
Geographical variables that indicate the location of a community may also be important 
determinants as they capture whether a community is more prone to drought and natural 
                                                 
8 In addition, more effort needs to be a applied to overcome the difficulties of community level variables 
moving toegother over time as well as being highly spatially correlated with each other (Strauss and 
Thomas 1995). 
9 This is presented as a case of omitted variable bias that results in an upward bias on income, potentially 
explained if the availability of social infrastructure that improves nutrition is correlated with income. 
Conversely, Strauss and Thomas (1995) refer to the opposite situation where, if income is not properly 
controlled for, some income effects may be incorrectly attributed to community factors.    11 
disasters and controls for the productivity of the land the community farms. Furthermore, 
stunting has been found to be more common in rural areas (Sommerfelt and Steward 
1994; Tharakan and Suchindran 1999). 
4. Data  
The cross-sectional data that is utilised in this paper is Malawi’s Second Integrated 
Household Survey (IHS2). Survey data was collected between March 2004 and April 
2005. It is a nationally representative sample survey designed to provide information on 
various aspects of household welfare in Malawi  
The total sample size of the IHS2 was 11,280 households. Households were selected 
based on a two-stage stratified sampling procedure from a sample frame that used the 
1998 Population and Housing Census enumeration areas (EAs). In addition the survey 
stratified the country into rural and urban strata. Further division into a number of smaller 
strata based on the prevailing administrative system occurred and the final number of 
strata in the survey was thirty. This consisted of 26 rural districts and four urban centres.  
The IHS2 household questionnaire covered areas relating to the socioeconomic 
characteristics of households. The modules included aspects of demography, education, 
health, agriculture, labour-force, anthropometric information, social safety nets and 
credit. The anthropometric module provides the necessary information on height (length) 
and age for children aged 6-60 months that is required to calculate the HAZ indicator. 
Detailed instructions were provided to the enumerators regarding how to measure the 
child and record their age in order to ensure that the information collected was of good 
quality (NSO 2004). The module on social safety nets provides the data on who the 
beneficiaries of the TIP programme are and how long they benefited for. The household 
head was asked to identify which years, out of 2001, 2002 and 2003, the household had 
benefited from the Starter Pack/TIP programme. While information was provided on both 
the dry and rainy season distribution of the TIP programme, only responses on the rainy 
season TIP are used
10.  
 
In order to control for community effects the information at the household level is 
complemented by community variables provided by the community questionnaire. The 
                                                 
10 The Winter TIP programme (dry season) was distributed in the winters of 2002 and 2003 but was widely 
seen to have failed due to a lack of understanding of farming conditions (Levy 2005).   12 
IHS2 community questionnaire was administered to the chosen EAs and was intended to 
collate information common to households in a given area. The questionnaire was 
completed by a group of knowledgeable residents such as the village headman, local 
school headmaster and health workers and areas covered by the questionnaire included 
the demographic make-up of the community, access to basic services, economic and 
agricultural activities, and prices.  
The explanatory variable of interest to be used in the following regressions is the number 
of years a child received the TIP between the 2000/01 and 2002/03 agricultural seasons. 
The maximum duration of benefiting from the program is three years. This variable 
cannot be taken simply as the number of years the household head identified as having 
benefited from the programme since this fails to account for whether the child was alive. 
For example, a household might have received the TIP programme in 2000/01 however 
the child might not have been born until 2003. It would be incorrect to count this year as 
one in which the child benefited from the programme. The data was adjusted to take this 
fact into account. Unfortunately 1372 observations (1024 households) were lost in this 
adjustment procedure due to the absence of data recording the date the interview was 
conducted. The dependent HAZ variable was created using the anthropometric macro 
provided by the WHO (WHO 2009b). Observations that produced unusually high or low 
HAZ scores were flagged. These flagged observations are excluded. In addition, in order 
to concentrate on the impacts on smallholder farmers the following analysis is only 
undertaken on observations with total land holdings less than 4 ha. After cleaning the data 
and accounting for missing observations 4639 observations across 3493 households were 
left. 
Table 1 presents the summary statistics for the HAZ variable. The overall mean HAZ for 
this sample is -1.8 and female children are observed to have a higher mean. Using the 
conventional cutoff for defining malnutrition as two standard deviations below the 
median, the proportion of stunted children in this sample is 42.6 per cent. This is close to 
the value found by ORC Macro (2006) of 47.5 per cent. The prevalence of stunting can 
be seen to increase as children get older and is higher in rural populations, with the 
central region faring worse nutritionally than the north or south. Unexpectedly, stunting 
rates are observed to increase as exposure to the TIP increases. However before 
controlling for other variables we cannot make any inferences on whether or not there are 
any positive nutritional benefits from the programme. The kernel density estimates of   13 
HAZ for the various treatment intensities are also displayed in Figure 1. These estimates 
illustrate a reduction in the heterogeneity of HAZ, with beneficiaries converging toward 
the mean HAZ as the number of years a child benefits from the TIP increases.  
The TIP summary statistics are detailed in Table 2. On average, households benefited 
from the programme for 0.8 years and female headed households, ultra poor households 
and those whose household head is a widow had a higher mean treatment exposure. Table 
3 also presents the means and standard deviations for the other key variables used in the 
analysis.  
5. Econometric Approach and Results 
There is much literature on the evaluation of anti-poverty programmes and many 
techniques exist to measure the treatment effect. The archetypal evaluation problem is 
outlined by Ravallion (2008) in which impact evaluation is essentially a problem of 
missing data and the objective is to determine the average treatment effect on the treated. 
The most common approach to measuring treatment is through a binary variable where 
individuals have either benefited from the programme or not. While randomised 
programme placement addresses the selection bias issue of comparing participants to 
non-participants, selection into treatment of the Starter Pack/TIP was not random due to 
targeting criteria for beneficiaries. A range of techniques exist to evaluate programmes 
where placement is non-random and the treatment variable is non-binary. A basic OLS 
regression is used as a starting point to quantify the gains from the variation in 
programme duration. However, on suspicion that the treatment variable could be 
endogenous due to omitted variables, an instrumental variable approach is adopted.  
Although an important operational aspect of the programme was the indirect gain 
achieved through prices and a reduction in demand-side pressures in the market, this 
spillover effect has not been taken into account the econometric analysis. This is 
motivated by evaluation that suggests the output effects in 2000/2001 and 2001/02 were 
not sufficient to dampen prices. Results and discussion of findings follows in this section. 
5.1 OLS Regression  
The following OLS regression is run on the model: 
i i i i u T HAZ + + + = d b a X 0                 (1)   14 
where  Ti = the number of years a child has benefited from the TIP programme 
( 3 0 £ £ i T ) and Xi  is a vector of individual (natural log of age; gender; relationship to 
the head of the household), household (guardian characteristics such as age; gender; 
marital status; relation to the child; and education status while household wealth and 
material standards are controlled for through assets such as oxen and a measure of 
Tropical Livestock Units, whether land is owned or not, the size and quality of the 
household’s dwelling and water source) and community (the presence of a daily market, 
health clinic, and asphalt road in order to capture the quality of infrastructure; and a 
measure of the importance of maize and agriculture in the community) variables that are 
expected to influence HAZ outcomes
11, together with regional and district fixed effects. 
The output of the regression is displayed in Table 4. The results suggest that exposure to 
the TIP had no impact on the nutritional status of beneficiaries. The estimated coefficient 
on the variable that measures the duration of exposure to the TIP is both statistically and 
economically insignificant. We might suspect that these results are due to the endogeneity 
of the treatment variable which is most likely the result of omitted variables. If it is the 
case that the treatment variable is endogenous then OLS results are no longer valid. With 
this in mind, the approach of instrumental variables is considered next.  
5.2 Instrumental Variable Analysis, 2SLS and the TIP 
The choice of instruments for the duration of exposure to the TIP  has been informed by 
the eligibility and targeting criteria of the TIP. Beneficiaries were only eligible if they 
owned less than one ha of land (Phiri 2007). We would expect this to be correlated with 
programme duration but, conditional on land ownership, not have any direct influence on 
a child’s HAZ making it a valid instrument.  
Other instruments are informed by the criteria used to target the TIP. Despite the 
previously noted issues surrounding community targeting, evaluation does support the 
fact that the village leaders understood that households with certain characteristics should 
be targeted in their village. These characteristics included households with elderly people, 
very poor households, those whose household head was a widow and female headed 
households. Furthermore, due to the nature of village leaders selecting beneficiaries it 
would be expected that they might favour those who were established members of the 
                                                 
11  If a variable is in bold it indicates that it represents a vector   15 
community, reflected in the age of the head of the household. While one might think that 
these characteristics of targeting and favouritism could be correlated with our variable of 
interest, HAZ, the argument is maintained that they are exogenous excluded regressors 
once we have controlled for all other characteristics at the individual, guardian, 
household and community level. The following summarises the instruments chosen.   
 
Z1 = Dummy Variable (DV) for whether total landholdings are less than 1 ha (=1    
if <1ha) 
Z2 = the number of old people (defined as 65+ years old) belonging to the 
household 
Z3 = DV for whether the household is classified as ultra-poor i.e. where 
expenditure per capita is less than the ultra poverty line (=1 if ultra-poor) 
Z4 = DV for whether the head of the household is a widow or not (=1 if widow) 
Z5 = DV for gender of the household head (=1 if male) 
Z6 = age of the head of the household (in years) 
 
In order to account for the fact that households commonly have more than one child 
under five years of age and that the same household characteristics can be expected to 
apply to all children in the household, clustering at the household level has been 
controlled for. This clustering allows for intra-group correlation and the adjusted standard 
errors have been reported 
5.3 Testing the IV Regression Assumptions 
 Before results are presented and discussed it is important to firstly confirm that IV 
analysis is appropriate by testing the endogeneity of the treatment variable. If the 
treatment variable is in fact exogenous, while 2SLS would remain consistent, it would be 
more appropriate to use OLS as it would be the efficient estimator and we would base our 
findings on the previous OLS results.  
 
A regression based test that is robust to the clustering effect at the household level is used 
to support the belief that the treatment variable is endogenous. This test is based on the 
Durbin-Wu-Hausman specification tests. The null hypothesis of the test is that the 
treatment variable is exogenous. Rejection of the null supports the application of   16 
instrumental variable analysis. Test results indicate that the robust regression F-statistic 
of 3.28 has a p-value equal to 0.07, thus we can reject the null at the 10% level of 
significance and conclude that instrumental variable analysis is appropriate in this case.  
 
Secondly, whether the chosen instruments are valid determines whether instrumental 
variable analysis is useful in this application to correct for the expected endogeneity of 
treatment exposure. If the instruments are invalid and fail to satisfy the conditions of 
relevance and exogeneity then the instruments fail to provide meaningful results. It is 
therefore essential to test whether the chosen set of instruments satisfy these assumptions.  
 
The assumption of instrument relevance, corr(Zi,Xi) ￿ 0, is an important assumption since 
if the instruments explain little of the variation in X, i.e. they are weak instruments, then 
the normal distribution provides a poor approximation to the sample distribution of the 
2SLS estimator even if the sample size is large. If instruments are weak, then the 2SLS 
estimator can be badly biased in the direction of the OLS estimator (Stock and Watson 
2007). While it is difficult to determine how relevant the instruments need to be Stock 
and Watson (2007, pg. 441) have developed a rule of thumb to check for weak 
instruments in the case of a single endogenous regressor. This rule states that a first-stage 
F-statistic less than 10 indicates that the instruments are weak, in which case the 2SLS 
estimator is biased. The first stage regression results produced a robust F-statistic of 
10.85. According to the rule of thumb, the first-stage F-statistic is greater than 10 which 
means we can conclude that the chosen instruments are not weak instruments and that we 
can reliably interpret the 2SLS estimators. 
 
The second assumption of instrument exogeneity, corr(Zi,ui) = 0, is also confirmed. 
Application of instrumental variable analysis in this programme evaluation is founded on 
the use of an exogenous instrument to isolate part of the endogenous variation in the 
treatment variable. If the instruments are not exogenous, then the method of 2SLS is 
inconsistent and the 2SLS estimator will converge in probability to something other than 
the population coefficient in the regression.  
 
When the coefficients are exactly identified, i.e. the number of endogenous regressors is 
equal to the number of instruments, it is not possible to test the hypothesis that the   17 
instruments are exogenous. However in this application, the coefficient of the treatment 
effect is over-identified since more than one instrument is used to estimate a single 
endogenous regressor. The test is based on the Sargan-Hansen chi-squared test which 
operates by regressing the residuals from the 2SLS model on the chosen instruments. The 
null hypothesis is that all instruments are valid. The reported chi-squared value of 3.98 
with 5 degrees of freedom has a p-value of 0.55. This means that we cannot reject the null 
and we can conclude that the instruments are valid.   
5.4 IV estimates 
Results of the IV analysis are presented in Table 5. We omit the first stage regression that 
is available from the authors upon request. These results support our hypothesis that 
exposure to the TIP programme produces significant side benefits that result from an 
improved household food security status. Our findings suggest that, ceteris paribus, an 
additional year of exposure to the programme is associated with a 0.34 unit increase in a 
child’s height-for-age z-score. This result is significant at the 10% level after controlling 
for all other variables that might be considered to influence HAZ. An inference of these 
results is that a child who received the TIP in all three years will have an HAZ that is 
1.02 units higher than a child who did not benefit from the programme at all. This is not 
only a statistically significant result but is also economically significant and its 
implications are discussed below.  
The results also generally support the expected effects of the individual, household and 
community level variables. Other statistically significant variables at the 10% level 
include: the log of the child’s age; whether the household owns any agricultural land or 
not; if permanent construction materials are used in the households’ dwelling; if firewood 
is the main source of cooking fuel used; if there is a daily market in the community; if 
agriculture is the main source of employment in the community; and several district 
dummy variables. The unexpected sign on the health clinic variable may be the result of 
the potential endogeneity of clinic placement with nutritional outcomes.  
5.6 Discussion of Results 
This evaluation provides some support for the significance and relevance of additional 
benefits when measuring total benefits from fertiliser programmes like the TIP. The data   18 
suggests that a positive relationship exists between a child’s HAZ score and an increase 
in the exposure to the programme. That is, those children whose households benefited 
from the TIP are, ceteris paribus, not only expected to be nutritionally better off than 
those who did not benefit, but of those beneficiaries, those who benefited for a longer 
period of time are expected to have a relatively better nutritional status. By ‘looking 
beyond the plot’ this paper complements previous evaluations of the TIP that found it to 
have been ineffective at improving aggregate production. The findings suggest that, 
despite deviations away from the original ‘Best Bet’ technologies, the policy of 
encouraging technology transfer and adoption through free input distribution has a 
positive nutritional payoff.  
While nutritional gains can be used to indicate welfare improvements for TIP recipients 
in the short run, gains in HAZ are also known to have significant impacts on future 
welfare and living standards, thus compounding the benefits of the programme. 
Improving preschooler health and nutrition are important development objectives in their 
own right since good nutrition in the formative preschool stage of life is widely 
considered to have a substantial and persistent impact on a child’s physical and mental 
development. This subsequently affects a child’s success at school and their level of 
labour productivity (Aguero et al. 2007). The relationship between height, better 
educational outcomes and improved wages has been widely documented (Haddad and 
Bouis 1991; Steckel 1995; Strauss and Thomas 1998; Shultz 2002; Alderman et al. 2006; 
Case and Paxson 2009). Our results suggest that TIP may also have important educational 
and wage payoffs for individuals and the Malawian economy over the longer term. These 
payoffs are considered below.  
Adult height is regarded to be sensitive to conditions experienced in childhood. Case and 
Paxson (2009) note that the period from birth to age three is generally regarded as the 
postnatal period that is most critical to adult height. This period consists of the most rapid 
speed in growth and nutritional needs are greatest during this time. If the assumption is 
made that early childhood height gains are irreversible then those children who benefit 
from the TIP will experience a permanent change in position in the height distribution. 
This assumption is supported by the pediatric belief that a child’s HAZ score at age 2 is a 
good predictor of adult HAZ (Aguero et al. 2007).  
Height has been shown to have positive educational and labour market outcomes. 
Children with better nutritional status do better on tests of cognitive functioning, have   19 
higher activity levels, have higher enrollment rates and complete more grades at school 
(Maluccio et al. 2006). Data from rural Zimbabwe also supports these positive 
associations (Alderman et al. 2006). For example, simulated impacts suggest that a 
change in preschool HAZ from -3 to -2 will lead to a 1.2 increase in schooling levels 
attained and a reduction in the age starting at school of 0.67 years. Not only do better 
nourished children attain more schooling grades, they may also learn more conditional on 
attaining a certain grade. In Brazil, taller men tend to be better educated with a 10 cm gap 
in height among 25-34 year olds associated with an additional 1.5 years of schooling 
(Strauss and Thomas 1998). Furthermore, nutritional gains can also be compounded 
through maternal factors. Taller and better educated women tend to have children with 
higher birth weights and experience lower risks of child and maternal mortality. Children 
with higher birth weights are known to be less susceptible to illness and malnourishment 
(World Bank 1993). 
 
The height premium for wages has also been estimated in various developing country 
contexts. Haddad and Bouis (1991) find that higher wages in a Philippine province 
appear to be the result of better height. In Brazil, taller men earn higher wages with a one 
per cent increase in height  associated with around an eight per cent increase in wages 
(Strauss and Thomas 1998). Shultz (2002) also finds that a one-centimetre increase in 
height is associated with an 8-10 per cent increase in wages for both men and women in 
Ghana and Brazil.  In developing countries, this height premium in earnings is commonly 
attributed to the greater strength and better health that accompany height. Healthier 
children grow up to be healthier and stronger adults, and healthier adults are able to 
perform more work per unit of time on tasks that require strength. They also suffer from 
less days lost from work and longer working lives (Steckel 1995). Better nourished 
children therefore lead to a realisation of productivity gains with a substantial lag 
(Haddad and Bouis 1991).  
 
A back of the envelope measure of the expected wage gains to TIP beneficiaries is briefly 
considered. Change in height due to a change in HAZ is calculated by   h h HAZ s D = D  
where  h s  is the standard deviation of height given the age (Aguero et al. 2007). If we 
base the standard deviation on the average age from the sample, 31 months, then we can 
estimate how much taller children are on average as a result of benefiting from the TIP.   20 
From the reference population at 31 months, boys have  4591 . 3 = h s and girls have 
5782 . 3 = h s . Therefore, a boy who benefited from the TIP for all three years would be 
expected to be 3.5 cm taller than if they had not benefited from the programme at all 
( 02 . 1 4591 . 3 x h = D ). A girl would be expected to be 3.7 cm taller. Assuming that this 
height gain is carried forward into adulthood, beneficiaries of all three years of the TIP 
would be expected to have a wage rate 28-37 per cent higher than non-beneficiaries based 
on the findings from Ghana in Shultz (2002) outlined above. Even if a child (boy) only 
benefited from one year of the TIP we would expect them to be 1.2 cm taller as a result, 
and this is associated with around a 10-12 per cent increase in adult wages. Based on the 
‘rural monthly wage’
12 which was estimated at MK1,342 in 2000 prices (Zgovu 2000), 
we might expect a boy who is exposed to the programme for three years to earn MK379 
extra each month
13. Note that these estimates ignore any general equilibrium effects that 
would occur from having a better nourished adult population. 
 
Such findings have a very important policy implication for the TIP. Extrapolation of the 
regression results indicates that expenditure on the TIP not only has an immediate effect 
on addressing food security and household welfare but will also produce long term gains 
for individuals and the Malawian economy. The TIP can be considered as more than just 
a programme aimed at improving farm productivity and the food security of households; 
through the improved nutritional status of children it is also an investment in improving 
labour productivity and higher household incomes in the future. It is clear that the 
programme not only assists with helping the present generation of Malawian smallholders 
to break out of their ‘poverty trap’ through free inputs and technology transfers; the 
programme will continue to help break the cycle of poverty in the future by improving 
the educational outcomes and labour productivity of the beneficiaries’ children and the 
health status of their future children.  
 
6. Conclusion 
                                                 
12 This wage is based on less exploitative and more secure forms of agricultural employment in comparison 
to ganyu and tenancy employment 
13 Calculated on the basis that a 1cm increase is associated with an 8% increase in wages. Gain is also 
quoted in 2000 prices.    21 
Evaluations of fertiliser policies have tended to focus on direct production effects and 
have overlooked the significance of the side-benefits of such programmes. However these 
side-benefits are relevant and should be accounted for. This paper seeks to measure the 
indirect effects of the TIP, a fertiliser programme that operated in Malawi in the early 
2000s. The indirect effects are identified through the welfare links that production 
impacts have under the conceptual framework of food security, and child nutritional 
outcomes have been the focus of this paper. In countries like Malawi that suffer from 
high child mortality rates, nutritional outcomes are particularly relevant and should carry 
significant weight in any evaluation of programmes involving agricultural change.  
Instrumental variable analysis helped overcome the issue of endogeneity of the treatment 
variable and the results suggest that exposure to the programme had a positive nutritional 
payoff. This indirect effect has important implications for facilitating a longer-term 
pathway away from poverty, and highlights the value of accounting for such side-benefits 
in future evaluations of free input programmes. By helping to alleviate food insecurity, 
the human capital stock of the next generation is enhanced. Analysis indicates that an 
additional year of benefiting from the TIP programme increases the standardised height-
for-age of a child by 0.34 units. Crude estimates of the wage gains suggest that this gain 
in height translates into future earnings that are much higher, around 28-37 per cent based 
on benefitting from the programme for all three years. Malawi is typical of many 
countries in sub-Saharan Africa with an agricultural sector that is dominated by the poor, 
land scarce and capital scarce smallholder farmers that suffer from food insecurity, and 
the replication of this programme in other food insecure developing countries has been 
proposed. Whilst this programme is not a panacea for poverty, it can be considered as a 
pre-requisite for poverty reduction through its assistance in alleviating food insecurity.  
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Table 1 – HAZ summary statistics
Obs Mean Std. Dev.   %Stunted 
TIP=0 2515 -1.744 1.505 41.7%
TIP=1 1106 -1.719 1.563 40.7%
TIP=2 564 -1.910 1.409 43.3%
TIP=3 454 -2.170 1.305 50.2%
Male 2265 -1.813 1.475 43.5%
Female 2374 -1.787 1.514 41.6%
Male guardian 133 -1.856 1.223 43.6%
Female guardian 4506 -1.798 1.502 42.5%
Age (in completed years)
0 619 -0.900 1.557 19.9%
1 1099 -1.625 1.508 37.9%
2 970 -2.061 1.489 53.4%
3 986 -2.170 1.353 53.5%
4 964 -1.934 1.315 40.2%
5 1 -2.210 - -
Rural 4343 -1.813 1.495 43.1%
Urban 296 -1.604 1.482 34.8%
North 742 -1.773 1.396 38.1%
Centre 1893 -1.989 1.479 48.1%
South 2004 -1.63 1.525 38.9%
Total 4639 -1.799 1.495 42.6%  28 

















































  Obs Mean Std. Dev. 
Total land holdings < 1 ha 2613 0.648 0.950
Total land holdings > 1 ha 2026 0.939 1.044
Male head of household 3623 0.741 0.989
Female head of household 1016 0.897 1.040
Head of household is a widow/er 555 0.910 1.040
Head of household not a widow/er 4084 0.757 0.996
Household classified as ultra poor 1203 0.820 1.049
Hoosehold not ultra poor 3436 0.760 0.985
North 742 0.795 0.999
Centre 1893 0.750 1.006
South 2004 0.791 1.000
Total 4639 0.775 1.002
Variables Mean Std. Dev.
Continuous Variables 
Age of child (months) 31.306 15.714
Total land owned (ha) 1.008 0.794
Number of rooms in dwelling 2.634 1.323
Household size 5.782 2.319
Tropical Livestock Units (TLU) 0.522 1.211
Number of oxen 0.047 0.339
Number of elderly in household 0.083 0.307
Age of household head (years) 42.425 16.225
Age of child's guardian (years) 29.851 9.460
Dummy Variables
Male dummy for child 0.488 0.500
Male dummy for guardian 0.029 0.167
Male dummy for household head 0.781 0.414
Orphan 0.003 0.051
Child of household head 0.859 0.348
Grandchild of household head 0.124 0.330
Guardian is household head 0.121 0.326
Guardian is wife of head 0.800 0.400
Guardian is child's sibling 0.057 0.231
Guardian is monogamous 0.743 0.437
Guardian is a widow 0.030 0.170
Guardian can read 0.541 0.498
Guardian attended primary school 0.583 0.493
Not engaged in agriculture 0.096 0.294
Daily community market 0.246 0.431
Rural community 0.936 0.244
Agriculture most important source 
of employment in the community
0.841 0.366  29 
 
Table 4 – The impact of TIP: OLS estimates 
 
     (Std. Err. Adjusted for 3493 clusters at the household level)









































Notes:  Number of obs 4639






























number of years received TIP
household size based on household 
member criteria
main source of water is open well,
 river/spring, lake/reservoir
number of oxen owned
guardian is not married total area of land owned (ha)




























dwelling made of permanent 
construction materials
gender of child, (=1 if male)
dwelling made of a mix of permanent
 and traditional construction materials
child is an orphan (=1 if orphan)
firewood is the main source of 
cooking fuel
child is child of household head  main source of water is piped

























gender of guardian (=1 if male) use a modern toilet
guardian's age (years) use a latrine toilet
guardian is household head 
toilet is shared with non household
 members
guardian is wife of household head  Total Livestock Units



























main type of road in the community 
is tar/asphalt
guardian attended primary school clinic is present in the community
guardian attended secondary school
most important source of employment 
in the 
100% of the community grows maize
rural
not engaged in agriculture, 
doesn't own land
guardian is the child's sibling presence of daily community market
District & Regional dummy variables not reported
* significant at 10%;** significant at 5%,
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Table 5 – The Impact of TIP: IV estimates 
 
(Std. Err. Adjusted for 3493 clusters at the household level)









































Notes:  Number of obs 4639




child is an orphan (=1 if orphan)
number of years received TIP
dwelling made of permanent 
construction materials
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gender of guardian (=1 if male)
guardian's age (years)
child is child of household head 
child is grandchild of household head 
*** significant at 1%
guardian can read
guardian attended primary school
guardian is a widow/er
guardian is the child's sibling
guardian attended secondary school
guardian attended university
guardian is monogamous 
guardian is not married
guardian is household head 
guardian is wife of household head 
number of rooms in dwelling constant
household size based on household 
member criteria
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main source of water is piped
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* significant at 10%;** significant at 5%,
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Figure 1 - HAZ kernel density estimates for varying treatment duration 
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